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m939110 Threa-DimensionalEchocsrdiographicStudyofRightVentricularRemodeling,MsssandFunction
in PatientswithTrenspoeitionof theGreat
ArteriesafterAtrlalSwitchOperations
C.laekeri,P.Acsr, R. Geggel, D. Fulton, S. SchwarIz, N. Pandian, G. Marx.
Tufts-New Englend Medicsl Centec Boston, MA, USA
Progressive deterioration in right ventricular function is a known sequela
after Mustard (MU) or Senning (S) operation for transposition of the great
arteriea.However, knowledge of when the RV function begins to deteriorate
is difficult to aaeesa. Accurate determination of RV volumes (V) and masa
(M) would aid in. management of such pte. Current knowledge is based
on imprecise quantitation by 2D Echo. Volume rendered three-Dimensional
schocardiographic (3DE) could provide real portrayal of the RV shape and
size. To date, measurement of RV V have been validated in vitro and
in humans. We applied 3DE to investigate RV V, ejection fraction (EF)
and M after S/MU,comparing them to age, sex and size-matched controls
(C). Fifteen pte, median age 17 yra (3-26) and 15 C undenvent 3DE with
rotational scanning. The RV was divided into equidiatent slices and the endo
and epicardium were manually traced. The V of each alice was added,
calculating RV end-diastolic V (EDV), end-systolic V (ESV), stroke volume
(SV), M and EF. Parameters were compared by unpaired t-teat. RVEDV,
RVESV, and M were aignificently higher in the pt group. Although EF was
lower, SV wee presewed. Of 3 pta with EF e 40%, two died.
.9%flI c 0
RVEDV/SSA (mVm2) 61.9 (12.4) 47.4 (10.9) 0.004
RVESWSSA (rnlhm?) 33.6(13.3) 21.1 (9.0) 0.009
MiBSA (g/m2) 62.1 (25,0) 46.1 (12.3) 0.00Q3
EF 47 (12) 57 (lo) 0.03
Corrc/usion:3DE allows detailed study of RV architecture and remodeling
in TGA after S/MU and provides quantitative insight into the pathophysiologic
response of the anatomic RVto the etreas of systemio circulation.
~39-111 I ValldatlonofAtrialSSptslDSfSCtDynamic
MorphologybyTrantsthoracic3-Dimensional
Eohooardiogrsphy
A. Lange, M. Walayat, C.M. Tumbull, P.Palka, G.R. Sutherland, K.A.A. Fox,
M.J. Gcdman. University of Edinburgh, UK
To determine whether tranathorecic 3D echrxardiogr$phy (3DE) can accu-
rately define atrial eeptsl defect (ASD) morphology 30 ASD pts. were atud-
ied. In each patient two tschniquea were used to acquire 3D data: etandard
Grey-Soele (GSI) and Doppler Myocerdial Imaging (DMI). 3D images were
oonatructed to simulate the surgsona view of the ASD. Measured perama-
tere ware: max. end min. vertical (V) and horizontal (H) ASD dimension (D),
distances to inferior- (IVC) and superior vena cava (SVC), coronary sinus
(CS), tricuspid valve (TV). The max. ASD Ds were compared with Magnetic
Resonance Imaging (MRI) and surgery. In small children, measurement fea-
sibility (%) wee similar for both techniques but higher for DMI than GSI in
adult ASD pte. (age >17 yra): max. D 100 vs. 81, min. D 91 vs. 73, SVC 82
vs. 64, IVC 82 vs. 73, CS 81 vs. 55, TV 100 vs. 82, respectively. Both DMI
and GSI imagea showed dynamic change in ASD size during the cardiac
cycle (ace table). Good correlation was found betwean 3DE and both MRI
(DMI & GSI; r > 0.97) and surgery (DMI & GSI; r ? 0,91). The bias for the
whole group (children and adults) (in mm) between 3DE and (1) MRI: DMI =
2.6, GSI = 3.4 (2) surgery: DMI = 5, GSI = 5.6. Conclusions: 3DE accurately
displays the varying morphology, size and spatial relationships of an ASD. As
a DMI data-set it provides the optimum information on which to base patient
management decisions.
Maximum (mm) Minimum
HD VD HD VD
GSI 19* S* 15 i 6* 13*6 9+5
DMI 17 i 7* 15• 6* 12*7 9*5
lCompsrsd to minimum,p <0.01
@!@ IdentificationofCoronaryArteryStsntsUsingThreeDimenaionallvAcauired,TwoDimensionally
DisplayedTranstho~acic-Echocardiography -
W.C. Maxted, Jr., S.T.Swanaon, M. Huntley, S.G. Sawada, D.S. Segar,
H. Feigenbaum. hrdiana University Indianapolis, /ndisna, USA
The utility of three dimensionally acquired, two dimensionally displayed
(3D12D)transthoracic echocerdiography (TTE) in interrogating coronaty ar-
teries has been described previously by our laboreto~. In order to confirm
that the left anterior descending (LAD) artery ia truly being interrogated, we
inveatigatad 13 patients with a stent in the LAD. Imagea were obtained with
a 3-5 MHz phased array transducer. The echograph was interfaced with
a TomTec computer. Fan type scanning at 0.5 dagree intervals to 45-50
degrees was petformed uaing a parasternal long axis exam of the aorta and
mitral valve scanned laterally and a short axis exam at the base scanned in-
feriorly. Stents were identified in 77% (10/13) of patients. Echocerdiographic
characterfsticasuggestive of stente were: markedly increased wall thickness
of the stentad segment relative to the rest of the artery, a lumen with rela-
tively straight edges, a Iuminal diameter similar to that of the deployad atent,
increased echogenicity of the stent, and persistent echoes from the etentad
region through several frames (persistence). Poor echo windows or diatel
location of the stent were present in the three patienta whose efente were
not seen and both are factors which would limit thia approach in aimilar sub-
jects. We conclude: 1) The LAD through its mid portion maybe interrogated
reliably using 3D/2D TTE. 2) Stenta have specific echocardiogrephic char-
acteristics and may be identified in the proximal and mid LAD using 3D/2D
TTE. 3) Identification of a stent confirms the location of the coronary artery
in question.
p] ~hrSS-dimenaiOnal reCOnStruCtiOnandautomated
demarcation of regional wall thinning during
acute myocardial ischemia
L. Jiang, P. Lu, B. Khankirawatana, M.D. Handschumacher, R.A. Levine.
University of Nebraska Medical Centec Omaha, NE, USA, Mass. General
Hospital, Boston, MA, USA
Myocardial regional wall thinning (RWT) in 2D echo viaws has correlated
well with transmural ischemia, and is independent of a reference center and
unaffected by translation, rotation, or LV shape changes. To date, howevar,
it has not been integrated to provide a 3D measure and convenient visual
display of infarct size. We therefore developed a computer-based 3D display
of RWT.Twelve beating canine hearts (8with and 4 without iechemia) were
scanned with an omniplane probe rotatad at the apex from Oto 180 degrees
and reconstructed by a 3D system which automatically combines 2D images
and their locations. The endocardial and epicardial bordera were traced at
end-systole, and LVend-aystolic wall thickness (ESWT) was then catculatad
over 3800 grid points by a surfacing algorithm.
Results: The LV endocardial and epicardial surfaces and wall thickness
were successfully reconstructed in ail 12 beating heatte. The location and
distribution of RWT were automatically demarcated by the color-coded dia-
play and corresponded well with the known ischemic area. (Ischemic ESWT
= 5.1 + 0.54 mm vs. remote = 13.4 + 1.1 mm, p <0.001, and vs. normal
control = 13.9 + 1.4 mm, p < 0.001).
Cone/uaions: Iachemic regional wall thinning can be successfully recon-
structed and automatically demarcated in three dimension. It holds promise
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for improved clinical assessment and convenient visual diaplay of Ischemia
at rest and with stress echo.
D939114 InsightsFromThree-DimensionalEchocardlographyIntothe Mechaniamof
FunctionalMitralRegurgitation:DirectInVivo
Demonstretiqnof LeefletTetheringGeometry
Y. Otauji, M.D. Handschumacher, E. Schwammenthal, L. Jiang, J.-K. Song,
J.L. Guerrero, G.J. Viahakes, A.E. Weyman, R.A. Levine. Massachusetts
Genersl Hospital, Boston, MA, USA
Recent advances in three-dimensional (3D) achocardiography can allow
us to address uniquely 3D scientific questions, such as the mechanism of
functional mitral regurgitation (MR) in LVdyafunction. Competing hypotheses
inotudeglobal LVdysfunction with inadequate leaflet closing forcevs geomat-
rfcdiptortion of the mitral apparatus by LVdilatation, restricting Ieafletclosure.
We addressed these possibilities by infusing esmolol and phenylephrine in
6 open-chest dogs to induce LV dysfunction, first limiting LV expansion by
increasing pericardial restraint and then opening the pericardium. The 3D
relatlons of the papillary muscle (PM) tips and valve were reconstructedfrom
midsystolic rotsted apicai echo views, and MR stroke volume (SV) calculated
as LV-forward aortic (flowmeter) SV. Results: 1) With pericardial restraint,
despite EF = 17 l 5%, only trace MR developed with mildiy increased LV
end-systolic volume. 2) With open pericardium, moderate MR developed as
tha LV diiatad. 3) MR SV significantly correlated with the tethering distance
from the PMs to the anterior annulus, especially posterior and medio-laterel
PM shifts, as well as annular area (p < 0.0005). By multiple regression, the
PM-to-armulus distance was the only significant independent predictor (# =
0.81, p = 4 x 10-7). Conclusions: LV dysfunction without dilatation fails to
produce important MR. Functional MR relates strongly to changes in the 3D
geometry of the mitral valve attachments at the PM and annular levels, with
practical implications for approaches that would restore a more favorable
eonfiguration.
D939 11!5 LeftVentricularVolumeeMeaauredfromIntracardiacEchocardiographyimagesUsing
NoveiGeometricMethods,AutomatedBorder
Detectionand3D Reconstruction
P.M.Kanani, J.J. AlIan, W. Liang, R.E. Kerber, M. Sonka, C. McKay.
Universityof Iowa, Iowa City 1A,USA
Intracardiac Echocsrdiography (ICE) optimizes endooardial signals which
facilitate quantitative assessment of regional wall motion, wall thickness
and Left Ventricular (LV) volume measurements. Our purposes were first
to determine LV volumes from ICE images by (a) the standard Simpson’s
rule method b) new geometric methods and c) a new automated border
detection methcd for 3D reconstruction (3DR), and seoond, to compare
calculated to displacement volumes. A 10 F, 10 MHz intracardiac ultrasound
tranaduoar was placed in the LV of 8 excised swine hearts suspended
in a saline bath. Short axis views (SAX) of LV were obtained at 0.5 cm
increments from apex to the mitral annulus. The four reconstruction models
used were 1) Cylindrical discs 2) Trapezoidal discs 3) Ellipsoidal discs and
4) 3DR. The 3DR method generatea fully automated computer determined
endocsrdial and epicardial bordera. LVvolumes are calculated automatically
from a ahapa-based interpolation of all cross sectional areas from the apex
to the mitral valve annulus. The computed volumes from ail methods were
compared with the true displacement volumes measured. Resu/ts:The mean
and atandard deviation of the errore (displacement - calculated volume in
ec) were 1) 1.28 * 1.01, 2) 1.22 * 1.14, 3) 1.18 + 1.08, 4) 1.21 & 1.11,
respaetively. True volume was significantly correlated with the ellipsoidal
method, y = 0.85x+ 1.46, r = 0.93, and the 3DR method, y = 0.73x+ 2.8, r =
0.93. LV cross-sectional areas determined manually were highly correlated
with automated computer defined areas, y = 0.98–0.01, r= 0.97. Conclusion:
Imagea from an ICE catheter in the LV oan be analysed by a Precise 3DR
method, which generates reliabie automated cross-sectional areas of the LV
endocerdial surface, and provides aoeurateanalysis of LVvolumes. The new
ellipsoidal and trapezoidal disc methods are as accurate as the traditional
cylindrical diac methods.
a939116 intracardiacEchocardiographyCanQuantitativelyImagethe LaftVentriclefroma RightVentricular
TransducerPosition
J.J. AlIan, S.C. DaJong, R.S. Smith, R.E. Kerber, C.R. McKay. Universifyof
Iowa, Iowa City 1A,USA
The Ieftventricle (LV)of canines and humans has been studied with intracar-
diac acho,cardiography(ICE). Usualiy ICE is petiormed with the ultrasound
catheter in the chamber being studied becauee of limited depth of field.
The availability of lower frequency ultrasound catheters may aliow LV imag-
ing from the RV - a more clinically attractive approach. Our purpose was
to demonstrate that an ICE catheter placed into the RV can quantitatively
image the LV and monitor changes in LV funotion. A 10 F, 10 MHz ultra-
sound catheter was placed into the RV of 10 closed chest swine via the
right internal jugular vein. We avaluated global and regional LV response
to dobutamine and balloon catheter corona~ ooclusion. Baseline and inter-
vention LV cross sectional end diastolic and end systolic areas, and % of
LV circumference with a wall motion abnormality (% Circ WMA) were mea.
surad. LV cross sectional area ejection fraction (Area EF) was calculated.
Transthoracic echocardiography (TTE) was used as a comparison. Resu/ts;
AreaEF Baseline Dobutamine Coronaryocclusion % Circ WMA
ICE 0.73 0.89 0,4S* 23
(SD) (0.05) (0.05) (0,07)
ITE
(3)
0.80 0.91 0.53” 22
(SD) (0.03) (0.0s) (0,06) (2)
“p <0.05, w baseline
There were no significant differences between ICE and TTE measure-
ments. Thus, the LV can be quantitatively and accurately imaged from the
RV using ICE in swine. ICE warrants clinical evaluation as a method for
monitoring LV function in the catheterization iab and CCU,
D939 117’ Determinationof LeftVentricularAneurysmSurfaceAreabyDynamicThrae-dimeneionel
EchcYcardiography
T. Buck, P.Hunold, W. Tkalacl, H.J. Neseer, R. Erbel. Universityof Essen,
Essen, Germany,1Hosp. Elisabethinen, Linz, Austria
The Quantification of left ventricular aneurysm surface area (ASA), as a
region of dysfunction, and total endocardial surface area (TESA) by two-
dimensional echdeardiography ueing geometrical aigorithme is inaccurate,
particularityin asymmetric left ventricles.
In order to detect the percentage of left ventricular dysfunction tomo-
graphic three-dimensional (3-D) echocardiographic (3-DE) quantification of
ASA wae performed in 21 patients (65 + S.3 yra). and validated by to-
mographic 3-D magnet resonance image reconstruction (3-DMR). Dynamic
3-DE data sets were obtained by ECG and respirato~ triggering (Echosoart/
TomTec). image acquisition was performed from a tranethoracic apical view
using a rotational motor device. ASA and TESA were calculated enddi-
astolicly (TESA-ED; ASA-ED [cmz]) and endsystolicly (TESA-ES; ASA-ES
[cm2]). Therefore, ASA and TESA were obtained from tomographic crosa-
secfional slices by manual planimetry of the endocardial contour of the
aneurysm and the complete endocardial contour. Areas were calculated from
contour length and slice thickness (3 mm) using the disc method. Rasuk
ASA-ED ASA-ES TESA-ED TESA-ES
3-DE 23.5 + 13,4 23.2 & 13,S 143.2 + 35.2 115.4 + 37.1
Mesn or Diff. 3.3 2.9
SD of Diff.
5.2 3.0
5,6 5.4 6.9 7.2
Diff.= 3-DE–3-DMR
A good agreement between the reeults of 3-DE and 3-DMR wae found.
As mean aize of ASA related to TESA we found 19.4 + 10.8% endsystolicly
and 16.3 + S.9Y0enddiastolicly. Absolute size of ASA was conetant during
left ventricular contraction.
Conclusions.’Left ventricular ASAand TESAcen be quantified accurately
by dynamic 3-DE. Therefore, dynamic 3-DE may be the most appropriate
method to quantify other dysfunctional areas, in particular infarct areas.
m939118 DoAlterationsin LoadandCardiacOutputAffeotRegionaiShapeandGlobalGeometryofa Normal
LeftVentricla?A QuantitativeEchocardiographic
ShapeAnalysisStudy
M. Araenault, M. Vannan, J. Yao, Q.-L. Cao, P.Nikutta, N. Pandian. Wfs-
New England Medics/ CenteL Boston, Massachusetts, USA
Ventricular cavity geometry ie an important determinant of LV function. It is
not known whether LV shape is influenced by loading condition. Regional
cuivature (C) and Fourier analysis (FA) yield indices of regional and global
LV shape. In 9 dogs we examined the effecte of ealine infusion (SL) and
nitropruaaide (NP) on regional and global LV geometry. Apical long-axis 2-D
echo was done at baseline and after each intervention. Regional C of the
septum (S), apex (A) and poeterior wall (P), and Fourier Shape Power Index
(FSPI) were meaeured in end-diastole (ED) and end-systole (ES). Resu/ta:
